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Abstract 
The coupling of the numerical precipitation forecasting and the hydrological forecasting model is one of the methods 
to prolong the forecast period. It is a question that how to coupling the numerical grid precipitation with the 
traditional hydrological forecasting model, because different data processing methods will affect the forecast 
accuracy. Currently, the lumped precipitation data is used in the hydrological forecasting model. Aggregation method 
is used to coupling the numerical precipitation forecasting and the traditional hydrological model in this paper. The 
affections of four different aggregation methods are compared. The best method is inverse distance weighting method 
in Theissen Polygon. 
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1. Introduction 
Hydrological forecasting is a non-engineering measure on flood prevention and drainage. There are 
two standards of hydrological forecasting evaluation: the forecasting accuracy and the forecasting period. 
Usually a longer forecasting period could supply valuable time to pretend the flood, but reduce the 
forecasting accuracy at the same time [1]. It is a tendency to couple the hydrology forecasting model with 
the weather forecasting in order to prolong the forecasting period [2]. With the development of numerical 
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weather prediction technology, remote sensing and computer technique, it is possible to prolong the 
forecasting period through the numerical precipitation forecasting [3]. 
The numerical precipitation forecasting is broadcasted with the grid data, which has higher spatial 
resolution than the normal weather forecasting products [4]. There are good relationships among the 
precipitation of the grids. The numerical precipitation forecasting reflects the spatial distribution of the 
future rainfall. It is a series of questions that how to use the numerical precipitation forecast products 
better, how to couple with the hydrology forecasting. 
2. Basic theory and method 
The hydrology model with the lumped rainfall input is widely used across the country, such as 
Xin’anjiang model, P+Pa empirical model, Shanbei model, and so on[5]. This kind of hydrology models 
divides the whole basin into units, through Theissen Polygon method or natural basin method. There are 
two hypotheses within the units. The first one is that the distribution of rainfall in the units is uniform; the 
second one is that the model parameters in the units are unchanged [6]. This kind of models is playing 
important roles in the flood control and drought relief. The shortcoming of this kind of models is that they 
cannot utilize the rainfall area and intense very well when they are coupled with the distribution 
precipitation forecasting. 
In this paper, the numerical precipitation grid forecasting data is aggregated into the grid in which the 
rainfall station is situated. The aggregation result is utilized as the existing hydrology forecasting model 
input, without changing the structure and parameters. This method could overcome the unreasonable 
phenomenon that the point rainfall data instead of the unit area rainfall. 
2.1. Basic theory 
The purpose of aggregation is describing the rainfall with low-resolution information which can get the 
same effect of the high-resolution ones [7]. Point information is utilized to represent the surrounding 
information, based on the basic theory hypotheses that is the more close to the point position, the more 
similar characteristics[8] (Fig 1). 
 
 
 
 
 
 
 
 
 
Fig.1 gathering Diagram(left) 
Fig.2 Thiessen polygon aggregation diagram(middle) 
Fig.3 Range diagram together(right) 
2.2. aggregation methods 
There are many kinds of gathering methods. Four kinds of methods are used in this paper, which are 
arithmetic average method, Gressman method, inverse distance weighting method and Kriging method.  
1) Arithmetic average method(AM) 
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The equation is: 
                                                                         (1) 
In which: n is the grid points count in the calculation area; ip is the precipitation of the grid i. 
This method is suit for a small basin, which is flat and with many rainfall stations well distributed. 
Although it is simple, this method ignores the spatial distribution of other factors. 
2) Gressman method (GM) 
The equation is:                                                                                                                                      (2) 
 
 
                                                                                                                                                                 (3) 
 
In which: sW is aggregate weight parameter; R is the influence radius; r is the distance from the grid to 
the aggregation point; n is the count of the grids in the influence region. 
The limitation of this method is that the aggregation result is affected by the influence radius. If the 
influence radius is small, the result cannot represent the spatial distribution well. Otherwise the result is 
an average. So the determination of R is the key. 
3) Inverse distance weighting method(IDM) 
The equation is:  
                                                                                                                                                                (4) 
 
                                                                                                                                                                (5) 
In which:  0, ssd i is the distance between the observation point Si and the estimated point S0; p is an 
exponent which represent the weight changed speed with the distance. The value p is bigger; the weight 
value of distance point is lower. The value of p is 1, 2 or 3, and 2 is the most value. 
4) Kriging method(KM) 
The equation is:  
                                                                                                                                                                (6) 
 
                                                                                                                                                                (7) 
In which: i is the weight parameter; n is the count of the observation points. x0 is the unobserved point; 
Z(x0) is the estimated value of point x0; x1,.xn is the observed points around x0, Z(x1), Z(x2)…Z(xn) is the 
observed value of x1,x2…..xn; the parameter i is determined by unbiased estimation and minimal variance. 
2.3. aggregation range selection methods 
There are two methods to select the aggregation range. The first one, the aggregation range is the 
Thiessen Polygon in which the rainfall station (aggregation point) situated. The aggregation range is fixed. 
Such as the example is illustrated in Fig2.The second one, the aggregation range is the scope around a 
certain range of the aggregation point. The aggregation range is a variable. Such as the Fig3. 
3. Coupling Effect Test 
The programs of the effect test include two steps, the aggregation accuracy test and the coupling 
forecasting accuracy test. 
3.1. aggregation accuracy test 
The aggregation values are calculated with the methods described in the previous section. Because the 
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numerical precipitation forecasting has system error, the aggregation values are contrasted with the 
forecasting values, instead of the observed values. These can dispel the error of system. In this paper, the 
average error is the main basis for judging. The equation is: 
                                                                                                                                                                (8) 
 
In which: ME  is the average error; ix is the index of grids;  ixP is the precipitation forecasting value 
of ix ;  ixP  is the aggregation value of ix .  
The aggregation method with the least ME  is regarded as the best method which can represent the 
region value with the aggregation value.  
3.2. coupling forecasting test 
A single factor, the aggregation accuracy, cannot reflect the accuracy of the coupling model. The main 
reason is that different hydrology model may have different effect on the coupling results. Twice tests are 
used to judge the coupling forecasting accuracy, in order to determine the suitable aggregation method for 
different kinds of hydrology model. In this paper, both the aggregation result and the observed rainfall 
data as the hydrology model input, comparing the results, the suitable aggregation method is chosen. 
4. Example 
Panjiakou reservoir is located at the main stream of Lunhe River. The basin area of Lunhe River above 
Pianjiakou reservoir is 33700Km2. This area is 75 percent of the whole Luanhe River. Panjiakou reservoir 
is the water supply source of Tianjin and Tangshan. Xinanjiang model is used in this area. The forecasting 
region is about 9870km2; there are 21 rain stations in this region. 
4.1. Analysis of aggregation accuracy   
MM5 data is adopted as the precipitation forecasting data from June to December in 2009. Four kinds 
of aggregation methods and 3 kinds of aggregation regions are compared in the example. 
Table1 illustrates the differences, that Thiessen polygon is the best method within the 3 kinds of 
aggregation regions, because it is average ME is least. The ME is from 0.15 to 0.32. With the same 
aggregation region, the Kriging method is the best, the ME is from 0.15 to 0.25. 
4.2. analysis of coupling forecasting result  
Two flood events were selected to compare the results. No.1 flood (20050812), the peak is 2490m3/sec, 
the 3 days volume is 2.35×108m3. No.2 flood (20110725), the peak is 1210m3/sec, the 3 days volume is 
8.2×107m3. The 12 combination results are contrasted with the observed flood. Table 2 shows that 
Thiessen polygon is the best method if the aggregation method is consistent. The result of 4 times grids 
distance is better than the result of double grids distance. In the same aggregation region, the Kriging 
method and the inverse distance weighting method are better than the average method and Gressman 
method. The coupling forecasting tests have the same conclusions with the aggregation accuracy tests. As 
the rainfall of NO.1 flood is more relatively even, the coupling accuracy is high. The errors present 
consistent phenomena. With the same aggregation method, the errors are within 5% in different 
aggregation region. But the rainfall of No.2 flood is uneven, the coupling accuracy is low. With the same 
aggregation method, the largest error difference is 19 percent. So the uniformity of distributed 
precipitation is a key factor affecting coupling effect. 
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Table 1 Aggregation method test results of the comparison 
Aggregation method Aggregation mode Thiesssen area double grids distance 4 times grids distance 
1,average method(AM) Arithmetic average 0.32 0.51 0.46 
2,Gressman(GM) R=5*d 0.23 0.26 0.24 
3,Kriging(KM) linearity 0.15 0.25 0.19 
4,inverse distance weighting(IDM) Exponent=2 0.17 0.21 0.19 
Table 2 Aggregation method,test results of the comparison 
Item Coupling accuracy 
Thiessen  area double grids distance 4 times grids distance 
AM GM KM IDM AM GM KM IDM AM GM KM IDM 
 
2005 
0812 
 
Flood peak (m3/s) 2780 2620 2560 2600 2870 2710 2620 2580 2820 2680 2580 2590 
3’d volume(100000stere)  2590 2540 2400 2460 2650 2600 2500 2420 2580 2560 2430 2430 
peak error  12% 5% 3% 4% 15% 9% 5% 4% 13% 8% 4% 4% 
volume rror 10% 8% 2% 5% 13% 11% 6% 3% 10% 9% 3% 3% 
 
2011 
0725 
 
Flood peak (m3/s) 1290 1280 1250 1240 1060 1090 1120 1140 1130 1150 1180 1170 
3’d volume(100000stere)  880 860 850 850 750 770 790 800 .800 800 810 810 
peak error  7% 6% 3% 2% -12% -10% -7% -6% -7% -5% -2% -3% 
volume rror 7% 5% 4% 4% -9% -6% -4% -2% -2% -2% -1% -1% 
5. Conclusion 
Aggregation method can achieve the coupling of the numerical precipitation forecasting with the 
hydrology model. The coupling accuracy is affected by the aggregation method, aggregation region and 
the distribution of the rainfall. 
The example shows that Kriging method and the inverse distance weighting method in the Thiessen 
polygon region is suitable for the coupling of Xinanjiang model in Panjiakou reservoir. 
Conclusion comes from the coupling of Xianjiang model; the other hydrological models should be 
validated the Applicability. 
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